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Abstract: Corn bract is the main agricultural waste of corn production and
processing. Little information is focused on its value-added utilization. In the
present study, the Ultrasound-Assisted Enzymatic Extraction (UAEE) was used
for the first time to extract Corn Bract Polysaccharides (CBPs). The optimum
conditions of UAEE for CBPs extraction were: Cellulase amount of 0.7%,
enzymolysis for 58 min, and ultrasound treatment for 30 min at 729 W, under
which the CBPs yield reached 1.17+0.06%, significantly higher than other
methods. CBPs are composed of ribose, rhamnose, glucuronic acid, galacturonic
acid, glucose, galactose, xylose, arabinose, and fructose at molar ratios of 3.82:
4.25: 3.54: 8.11: 32.89: 1.00: 27.96: 12.57: 13.25 and have a molecular weight
of 215.7 kDa and a particle size of 255 nm. The surface of CBPs appears to be
full of holes and bumps and the infrared spectroscopic analysis confirmed that
CBPs possess the typical characteristics of polysaccharides and could be a kind
of naturally occurring sulfated polysaccharides. CBPs extracted with the
optimized UAEE preferentially scavenge reactive nitrogen species with 1Csq of
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1.76+0.14 mg.mL* for scavenging hydroxyl radical and have medium inhibitory

effects on a-glucosidase with 1Cso of 20.66+0.98% mg.mL™. The present
contribution provides an efficient UAEE method to obtain the CBPs with
antioxidant and anti-diabetic potentials. It will give a useful clue for the
comprehensive and value-added exploitation of waste corn bract.
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(Luo et al., 2017). In previous research, we found that
total flavonoids from corn bract possess promising
antioxidant and antibacterial capacities (Zhang et al.,
2019). It is suggested that corn bract would be a new
natural source to discover nutraceuticals and
pharmaceuticals. Thus, waste corn bract deserves in-depth
study to promote its value-added utilization.

Introduction

Corn, also known as Zea mays L. belonging to the
Poaceae family, is a common grain crop distributed all
over the world (Gesteiro et al., 2021). Except for edible
use, some corn-based wastes have been fully utilized. For
example, the corn stigma and style (corn silk) are rich in

vitamins, polysaccharides, flavonoids, alkaloids, steroids,
and tannins (Peng et al., 2016) and exert diverse health
benefits, including antioxidant, anticoagulant, anti-cancer,
diuretic and hypoglycemic properties (Zhao et al., 2017).
Thus, corn silk is commonly consumed in various
nutraceuticals and functional foods (Hasanudin et al.,
2012). However, corn bract, the subtending leaf
surrounding corn kernel that accounts for 40% per unit
area of corn has received little attention and open burning
is usually performed to dispose of the waste corn bract
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Polysaccharides also called glycans (Yang et al.,
2019), are a kind of macromolecules consisting of various
monosaccharides connected by glycosidic bonds (Vo and
Kim, 2014). Recently, natural polysaccharides have
attracted great interest owing to health-promoting
functions, particularly ~ for  immuno-enhancement,
antioxidant and hypoglycemic properties (Ji et al., 2017).
Traditionally, polysaccharides are usually extracted with
hot water, alkaline, and acidic extractions, but these
extraction methods suffer from the disadvantages of high
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temperature, long time, high extraction temperature, and low
yield. Currently, some emerging techniques, including
enzyme-assisted extraction, ultrasound-assisted extraction,
microwave-assisted extraction, and combined technologies
have been successfully used to extract polysaccharides from
natural materials efficiently (zZhang et al., 2021). The
Enzyme-Assisted Extraction (EAE) is focused on
accelerating the release of bio components via degrading
plant materials (Chen et al., 2011), of which the cellulase is
most frequently applied to targeted decompose the celluloses
that are composed of the cell walls, thereby enhancing the
release of ingredients from the inside of cells (Fu et al., 2008).
Moreover, the Ultrasound-Assisted Extraction (UAE) is
another green extraction technique and its cavitation effects
can produce high shear forces in the media, thus facilitating
the delivery of energy (Chemat et al., 2017). The Ultrasound-
Assisted Enzymatic Extraction (UAEE) combines the
advantages of UAE and EAE and has been applied to extract
high-yield polysaccharides from pumpkin (Wu et al., 2014),
Eleocharis dulcis (Zhang et al., 2022) and Setaria viridis
(Li et al., 2016). However, as far as we know, no research
publications are available on the UAEE of Corn Bract
Polysaccharides (CBPs).

Oxidative stress is mainly induced by the excessive
generation of Reactive Oxygen Species (ROS), which can
automatically oxidize proteins, lipids, and DNA to cause
a series of chronic diseases (Ni et al., 2022; Zhang et al.,
2021). Increasing evidence has highlighted the role of
oxidative stress in deteriorating diabetes. The
overproduced ROS can cause insulin resistance and S-cell
dysfunction (Andreadi et al., 2022). Thus, it is essential
to regularly replenish antioxidants for the prevention and
adjuvant therapy of diabetes. Previous findings
demonstrated that the antioxidant polysaccharides have
great potential for the treatment of diabetes (Jiang et al.,
2022; Wang et al., 2020), indicating that it is
reasonable and feasible to explore the antioxidant and
anti-diabetic properties of natural polysaccharides.

In the present investigation, the UAEE was conducted
to extract CBPs for the first time. The extraction process
was optimized by Response Surface Methodology
(RSM)-Box-Behnken Design (BBD). Then, the CBPs
extracted under the optimal conditions of UAEE were
purified and characterized. Finally, the antioxidant and
anti-diabetic potentials of purified CBPs were assessed.
Herein, this study would provide evidence for the
functional and medicinal utilization of waste corn bract.

Materials and Methods

Materials and Reagents

Corn bract was collected at a local market of
agricultural products on 8 July 2021, Changshu, Jiangsu,
China, and identified by Dr. Yang Liu, School of Biology
and Food Engineering, Changshu Institute of Technology,
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Changshu, Jiangsu, China. Corn bract was dried at about
60°C and pulverized to 60 mesh.

The cellulase with an activity of 10000 U.g* was bought
from Macklin Biochemical Co., Ltd. (Shanghai, China). The
L-Ascorbic Acid (LAA), acarbose, a-glucosidase with
an activity of 50 U.mL?, 4-Nitrophenyl--D-
Galactopyranoside (PNPG) and 1, 1-Diphenyl-2-
Picrylhydrazyl (DPPH) were from BioDuly Co., Ltd.
(Nanjing, Jiangsu, China). The monosaccharide
standards, T-series Dextrans, and Diethylaminoethyl
(DEAE) cellulose were from Yuanye Bio-Technology
Co., Ltd (Shanghai, China). Other reagents with an
analytical grade were obtained from Sigma Chemical
Co., Ltd (St. Louis, MO, USA).

Study Design

According to the principles and flowcharts of
experimental design reported in previous works (Ismy et al.,
2022; Chzhu et al, 2020; Umana et al., 2020), a
schematic diagram of the present study was drawn and
presented in Fig. 1. Dried corn bract was grinded into
powders with 60 mesh, then subjected to a UAEE to obtain
CBPs. Based on the results of single-factor experiments, a
four-variable-three-level RSM-BBD was performed to
optimize the UAEE of CBPs. Afterward, the crude CBPs
extracted under the optimal conditions were purified by a
series of procedures, including deproteinization, DEAE
column chromatography, and dialysis. Then, the purified
CBPs were characterized by various procedures, including
the determination of monosaccharide and molecular weight,
particle size measurement, FT-IR analysis, and SEM
observation. Meanwhile, the antioxidant capacities of
purified CBPs were evaluated using DPPH and hydroxyl
radicals as the testing models, and the anti-diabetic
activity was assessed using a-glucosidase as the
biomarker. The data were represented as means + SD
(standard deviation) and statistical analysis was tested
with SPSS19.0 software (SPSS Inc., Chicago, USA).

UAEE of CBPs

One gram of degreased corn bract powders was dispersed
in distilled water at a liquid-to-solid ratio of 40: 1 mL.g-1 for
2 h, adjusted pH to around 5.0, added certain amounts of
cellulase (0.3-0.8%, relative to the solid materials) and
incubated at 50°C for 40-90 min. After inactivating cellulase,
the mixture was neutralized and transferred into an XH-
300 UL Microwave/ultrasound extraction apparatus
(Xianghu Technology Development Co., Ltd, Beijing,
China), then subjected to an ultrasound treatment at different
powers (400-900 W) for different durations (10-60 min). The
mixture was filtered, condensed to ¥-1/5 of the original
volume, and subjected to ethanol precipitation at 4°C for
12 h, then the crude CBPs were obtained by centrifugation
and lyophilization (Li et al., 2016; Wu et al., 2014).
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with 60 mesh

!

Ultrasound-assisted
enzymatic extraction

!

Extraction optimization
by RSM-BBD

!

[ Purification by deproteinization, ]
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Characterization:
1. Monosaccharides

Bioactivities:

1. DPPH radical-scavenging capacity

2. Hydroxyl radical-scavenging capacity
3. Alpha-glucosidase inhibiting activity

2. Molecular weight
3. Particle size
4. FT-IR and SEM

Fig. 1: Schematic diagram of the study. RSM-BBD: Response
Surface Methodology-Box-Behnken Design; DEAE:
Diethylaminoethyl; FT-IR: Fourier Transform-Infrared;
SEM: Scanning Electron Microscopy; DPPH: 1,
1-Diphenyl-2-Picrylhydrazyl

The polysaccharides content in CBPs was quantified
by the phenol-sulfuric acid method (glucose served as the
standard) (Dubois et al., 1956). The standard curve was:

A=7.3928C +0.0085( R* = 0.9998) (1)

where, A-absorbance and C-polysaccharides
concentration (mg.mL). The linear range was from 0.2
to 1.2 mg.mL™.

The CBPs yield was calculated according to the
following formula:

Y (%) =(CxV xD)/M x100 )

where, Y-CBPs vyield, C-polysaccharides concentration
(mg.mL™?), V-volume of the filtrate (mL), D-dilution
factor, and M-weight of corn bract powders (mg).

Single-Factor Experiments

Four factors, including cellulase amount (0.3-0.8%),
incubation time (5-10 min), ultrasound power (400-900 W),
and ultrasound time (20-70 min) were elected to evaluate
their effects on CBPs yield. For each experiment, when
one factor varied, others were fixed.

Response Surface Methodology Optimization

Response Surface Methodology (RSM) (Azcarate et al.,
2020) coupled with Box-Behnken Design (BBD) was

used to achieve a four-variable-three-level project
according to the results derived from the single-factor
experiment (Table 1). The RSM analysis was performed
with a Design Expert software version 8.0.6 (Stat-Ease,
Inc., Minneapolis, USA). The validation was performed
to testify to the accuracy of a model to predict the UAEE
of CBPs and comparison experiments were implemented
to explore the contributions of cellulase and ultrasound to
the CBPs yield, respectively.

The regression analysis was fitted to the following
second-order polynomial equation:

Y=ﬂo+ZﬂiXa+ZﬂnX5+ZzﬁuxiY; ®)

i=1 j=i+l

where, The response; fo-the intercept; g, Bii, and fj- the
coefficients of linear, quadratic, and interactive terms,
respectively; X; and Xj-independent variables.

Purification of Crude CBPs

The crude CBPs were deproteinized three times by
the sevag reagent, then subjected to a DEAE column
chromatographic purification using 0.5 m NaCl
solution as eluent. Different fractions were gathered,
condensed, and dialyzed to remove the ions and small-
molecular-weight impurities. Finally, a freeze-drying
process was performed to obtain the purified CBPs
(Wei et al., 2019).

Characterization of Purified CBPs
Monosaccharide

The monosaccharides of CBPs were detected by
High-Performance Liquid Chromatography (HPLC). In
brief, 2 mg of purified CBPs were dissolved in 2 mL of
2 m Trifluoroacetic Acid (TFA) and heated at 110°C
for 5 h. After removal of residual TFA, the mixture was
dissolved in 200 pL of 0.3 m NaOH and mixed with 200 puL
of methanol containing 0.5 mol.L* 1-Phenyl-3-Methyl-
5-Pyrazolone (PMP), followed by reacting at 70°C for
1.5 h. After cooling, the reaction mixture was adjusted
to pH 7.0 and extracted with chloroform. After the
removal of  chloroform, the PMP-labeled
monosaccharides of CBPs were obtained.

Table 1: The variables and levels for RSM optimization.

Levels
Variables
-1.0 0.0 1.0
Cellulase amount (%, X1) 0.6 0.7 0.8
Incubation time (min, X2) 50.0 60.0 70.0
Ultrasound power (W, X3) 600.0 700.0 800.0
Ultrasound time (min, Xa) 20.0 30.0 40.0
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The analysis was conducted using an Ultimate 3000
High-performance liquid chromatograph (Thermo,
Waltham, MA, USA) equipped with a Supersil ODS2
column (4.6 x 250 mm?, 5 um) and a diode array
detector. The analytical conditions were: Column
temperature-30°C, detection wavelength-245 nm, flow rate-
0.8 mL.min-1, run rate-40 min and the mobile phase-0.05 m
PBS (pH 6.8): Acetonitrile -82: 18 (v/v) (Hu et al., 2019).

Molecular Weight

The molecular weight was measured by High-
Performance Size Exclusion Chromatography (HPSEC).
Accordingly, the purified CBPs were dissolved in
ultrapure water at a concentration of 1 mg.mL™, then
filtered via a Millipore filter. A 1260 Infinity I High-
performance liquid chromatograph (Agilent, Palo Alto,
CA, USA) equipped with a TSK-gel G4000 PWXL
column (7.8 mm x 300) was served as the analyzer. The
analytical conditions were: Column temperature-50°C,
column temperature-50°C, mobile phase-ultrapure water,
detector temperature-30°C, flow rate-1.0 mL.min%, and
run rate-30 min (Hu et al., 2019).

Particle Size

The particle size of purified CBPs was estimated by
a Zetasizer Nano ZS900 Nanoparticle size analyzer
(Malvern Instruments Co., Ltd., Malvern, United
Kingdom) at a concentration of 1.0 mg.mL?
(Krishnamoorthi et al., 2022).

Fourier Transform-Infrared (FT-IR) Spectroscopy

Two milligrams of dried powders of purified CBPs
were ground with 200 mg of dried KBr and pressed into a
pellet. A 650 FT-IR Spectrophotometer (Gangdong Sci.
and Tech. Co., Ltd, Tianjin, China) was served to detect
the absorption peaks ranging from 400 to 4000 cm™
(Krishnamoorthi et al., 2021).

Scanning Electron Microscopy (SEM)

Approximately ten milligrams of dried powders of
purified CBPs were loaded on a silicon pellet and
carefully sputtered with thin layers of gold powders under
reduced pressure. The SEM observation was conducted
with a Regulus 8100 Scanning electron microscopy
(Hitachi, Tokyo, Japan) with an accelerating voltage of
1.0 kV and the image magnification was fixed at 450 x
(Krishnamoorthi et al., 2021).

The in Vitro Antioxidant Potentials of Purified CBPs
DPPH Radical-Scavenging Capacity

The purified CBPs were formulated into solutions
at concentrations ranging from 0 to 5 mg.mL™. Then,
2 mL of CBPs solution were blended with 2 mL of
ethanol containing 0.1 mm DPPH and reacted at 25° for
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30 min and the absorbance at 517 nm (As) was
recorded. The mixture lacking DPPH was employed as
the normal control (Ac) and the mixture without CBPs
served as the blank control (Ao). LAA was used as the
positive control. The DPPH radical-scavenging rate
was calculated according to the following equation
(Zhang, et al, 2018):

DPPH radical — scavenging rate(%)=(A — A )x100/ A,  (4)

Hydroxyl Radical-Scavenging Capacity

The purified CBPs were formulated into solutions
at concentrations ranging from 0 to 5 mg.mL"%. Then,
2 mL of CBPs solution were taken out and mixed with
1 mL of 0.75 mm 1, 10-phenanthroline PBS solution
(pH 7.4), 1 mL of 0.75 mm FeSO, solution and 1 mL of
0.12% (viv) H,O; solution. After incubating at 37°C for
60 min, the absorbance at 536 nm (As) was measured. The
mixture lacking H2O- was served as the normal control (Ac)
and the mixture lacking CBPs was used as the blank control
(Ag). LAA was used as the positive control. The hydroxyl
radical-scavenging rate was calculated according to the
following formula (Zhang et al., 2018):

Hydroxyl radical — scavenging rate(%)

5
~(A—~A)X100/ (A~ A) ©)

The Inhibitory Effects on a-Glucosidase Activity

The purified CBPs were formulated into different
solutions ranging from 0 to 50 mg.mL? Twenty
microliters of CBPs solution were mixed with 40 pL of a-
glucosidase solution and incubated at 37°C for 10 min.
Then, 20 pL of 10 mm PNPG solution was added,
followed by incubating at 37°C for 30 min. After that,
100 pL of 0.2 M Na,CO3 solution was added to cancel the
reaction. The absorbance at 405 nm was determined and
acarbose (0-5 mg.mL1) was served as the positive control.
The inhibition rate of a-glucosidase was calculated as
follows (Lv et al., 2021):

Inhibition rate (%) = [1-(A—A,)/ A, |x100% (6)

where, Ay is the absorbance of PBS without CBPs; A;-the
absorbance of the mixture containing CBPs and PNPG;
A,-the absorbance of CBPs without PNPG.

Statistical Analysis

Statistical analysis was performed with the Statistical
Product Service Solutions (SPSS) software (version 19.0)
(SPSS Inc., Chicago, USA) and one-way analysis of variance
(ANOVA) was applied to assess the significance. The
P<0.05 was deemed as a significant difference.
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Results and Discussion
Single-Factor Experiment

Before process optimization, four factors, including
cellulase amount, incubation time, ultrasound power, and
ultrasound time were selected to assess their effects on
CBPs yield and to explore the proper variables and levels.

As shown in Fig. 2A, the yield of CBPs was elevated
within the cellulase amount of 0.3-0.7%. After that, CBPs
yield was decreased with the heightening of cellulase. The
results suggested that cellulase potentiates the release of
CBPs by degrading cell walls. However, excessive cellulase
might make the medium more viscous, hindering the
implementation of enzymolysis (Huang et al., 2016).
Figure 2B exhibited the impacts of incubation time on CBPs
yield. It can be noted that CBPs yield was increased with the
prolongation of incubation time within the range of
40-60 min, when it exceeded 60 min, CBPs vyield
began to drop off. The results indicated that too long
incubation time was not beneficial to increasing CBPs yield
and the cellulase activity would decline, which was
consistent with the phenomenon that had been found in our
previous work (Zhang et al., 2019). Figure 2C described the
effects of ultrasound power on CBPs vyield. It can be
observed that CBPs yield was improved with the increase of
ultrasound power from 400 to 700 W, due to the increase in
cavitation bubbles and mass transfer rates (Mason et al.,
2011). When the power was further enhanced, CBPs yield
was decreased, which may be related to the fact that high-
powered ultrasound treatment can cause the depolymerization
and/or aggregation of extractable polysaccharides, resulting in
a decrease in CBPs yield (Chen et al., 2012). Similarly, with
the continuous extension of ultrasound time after 30 min,
CBPs yield began to fall (Fig. 2D).

To sum up, 0.7% cellulase, enzymolysis for 60 min,
and ultrasound treatment at 700 W for 30 min were
selected for the RSM-BBD design.

Model Fitting and Statistical Analysis

Based on the results of a single-factor experiment, four
variables, including cellulase amount (Xj), incubation
time (Xz), ultrasound power (X3), and ultrasound time
(X4) were further optimized by RSM-BBD with CBPs
yield as the response (Y). As shown in Table 2, 29
different schemes were obtained and the results were
fitted with a second-order polynomial equation (Eq. 7).
The CBPs yield varied from 0.48 to 1.15% and the
maximum yield was achieved under the conditions of X;
= 0.7%, X2 = 60 min, X3 =700 W and X4 = 30 min.

The second-order polynomial equation was:

Y =11+0.0092 X, —0.037 X, +0.16 X, +0.0025 X,
+0.015X, X, +0.035X, X, —0.11X, X, +0.08X, X,
~0.013X, X, —0.047 X, X, —0.18X,2 —0.11X 2
~0.27X,2-0.18X 2

U]
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where, Y-CBPs vyield, Xi-cellulase amount (%), Xz-
incubation time (min), Xs-ultrasound power (W), and Xs-
ultrasound time (min).

The ANOVA results of the response surface quadratic
model for CBPs extraction were presented in Table 3. It
can be observed that a significant difference was found in
the model (P<0.01) and no significant difference was
noted in lack of fit (P>0.05), suggesting that this model
is accurate for the prediction of CBPs extraction
(Zhang et al., 2019). The Adj R? was 0.9432, indicating
that 94.32% of the results can be covered and
interpreted by the present model. The linear parameters
Xz and X3 were significant (P<0.05 or P<0.01), but X;
and X4 were not significant (P>0.05). The interaction
parameters X: X4 and XpXs were highly significant
(P<0.01), while X1 Xz, X1 X3, X2 X4, and Xz X4 were not
significant (P>0.05). The quadratic parameters X;2-X,2
were all notably significant (P<0.01).

The 2D contour and 3D response surface plots derived
from Design Expert software can facilitate the
visualization of interactions between different variables
(Wei etal., 2019). As shown in Fig. 3A-3F, the interaction
terms X1 X4 and Xz X3 exhibited more prominent influences
on CBPs yield than those of the other interaction terms,
which was in line with the results of the ANOVA analysis
(Table 3). In addition, from Fig. 3G-3L, it can be noted
that the CBPs yields were first raised and then reduced
with the elevation of cellulase amount (X1), incubation
time (X2), ultrasound power (Xs), and ultrasound time (Xa),
which were consistent with the results of single-factor
experiments (Fig. 2). Furthermore, by comparing the
steepness of surfaces, it can be found that ultrasound
power (Xs3) elicited more obvious influences on CBPs
yield, followed by incubation time (X2), cellulase amount
(X1), and ultrasound time (Xa).

The accuracy of the present model was also confirmed
by the predicted optimal experiment. The optimal
conditions for CBPs extraction obtained from Design
Expert software were: Cellulase amount of 0.71%,
incubation time of 58.41 min, ultrasound power of
728.87 W, and ultrasound time of 29.51 min. Under
these conditions, the predicted maximum yield of CBPs
was 1.12%. To facilitate practical operation, the
predicted extraction parameters were simplified to the
following conditions: Cellulase amount of 0.7%,
incubation time of 58 min, ultrasound power of 729 W,
and ultrasound time of 30 min, under which the actual
yield of CBPs was 1.17+£0.06%, with an error of +4.46%
relative to the predicted value, which was less than £5.0%,
further confirming the accuracy of the present model
(Zhang et al., 2019).

Comparisons of Different Extraction Methods

To explore the contributions of cellulase treatment
and ultrasound irradiation to the CBPs yield, Hot-Water
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Extraction (HWE, without cellulase and ultrasound),
Enzyme-Assisted Extraction (EAE, without ultrasound),
and ultrasound-assisted extraction (UAE, without
cellulase) were conducted via fixing other parameters and
compared with UAEE under the optimal conditions. As
shown in Fig. 4, the CBPs vyield with UAEE was
remarkably higher (P<0.01) than with HWE, EAE, and
UAE, respectively. As compared with HWE, notable
differences were found in EAE (P<0.05) and UAE
(P<0.01). The CBPs yield with UAE was a little higher than
that with EAE (0.79+0.10% vs. 0.71+0.07%), but a
significant difference (P>0.05) was not observed. These
results implied that the cellulase treatment and/or ultrasound
irradiation can significantly improve the yield of CBPs and
the contribution of UAE is almost equivalent to that of EAE.
The cavitation effects of ultrasound irradiation can generate
high shear forces in the media to strengthen the cell wall-
rupturing effects of cellulase (Chemat et al., 2017). Hence,
when cellulase treatment was combined with ultrasound
irradiation, CBPs vyield achieved a relatively higher
level of 1.17+0.06% under optimal conditions.

Structural Characterization

After deproteinization and DEAE chromatographic
purification, the polysaccharides content in CBPs reached
77.1242.05%. As shown in Fig. 5, CBPs consisted of
ribose, rhamnose, glucuronic acid, galacturonic acid,
glucose, galactose, xylose, arabinose, and fructose at
molar ratios of 3.82: 4.25: 3.54: 8.11: 32.89: 1.00: 27.96:
12.57: 13.25 (Fig. 5A) and possessed a molecular weight
of 215.7 kDa (Fig. 5B). Corn silk as mentioned above is
another by-product of corn production and processing.
Previous publications revealed that Corn Silk
Polysaccharides (CSPs) comprise rhamnose, arabinose,
xylose, mannose, glucose, and galactose at molar ratios of
0.17: 0.30: 0.26: 0.35: 1.00: 0.57 and have molecular
weights ranging from 586 to 813 kDa (Li et al., 2020;
Zhao et al., 2017), which indicated that there are
differences in the structural properties of polysaccharides
from the corn silk compared with the corn bract. It may be
associated with the fact that different organs of the same
plant species generate different enzymes that catalyze the
biosynthesis of different bio constituents, leading to a
tissue-specific distribution of phytochemicals in the same
plant (Tian et al., 2019).

As shown in Fig. 6A, the particle size of CBPs was
around 255 nm, suggesting CBPs might assemble in water,
which was also observed in the glucan polysaccharide from
sweet potato (with a particle size of 230 nm) (Ji et al., 2021).
The SEM image of CBPs was presented in Fig. 6B and the
surface of CBPs appears to be full of holes and bumps.
The surface appearance of holes and bumps are the
characteristics of macromolecular polysaccharides,
which may be caused by the hydrophobic interaction in
polysaccharides (Yin et al., 2007).
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The FT-IR spectrum of CBPs was exhibited in Fig. 7.
The peak at 3432 cm™ was attributed to the stretching
vibration of -OH and the signals at 2925 and 2852 cm* were
assigned to the stretching and bending vibrations of -CH,-
and -CHz and the symmetrical stretching vibration of -CHy-,
respectively (Acemi, 2020; Chen et al., 2019). The peaks at
1637 cm? and 1417 cm* were assigned to the asymmetric
and symmetric stretching vibrations of -C=0 in the carbonyl
group. The signal at 1224 cm* was attributed to the vibration
of -S=0 in sulfate ester and the peak at 1074 cm* could be
from the variable angle vibration of -OH in the C-O-H group
(Trifan et al., 2015; Li et al., 2014). The signal at 599 cm?
was consistent with the stretching vibration of O-S-O
(Li et al., 2018). Therefore, the FT-IR analysis further
verified that CBPs possess the typical characteristics of
polysaccharides and could be a kind of naturally occurring
sulfated polysaccharides.

The in Vitro Antioxidant Activities

Hydroxyl radical is the most Reactive Oxygen Species
(ROS) that exerts the ability to react with almost any
molecules in cells (Hou et al., 2020). While, DPPH radical is
a relatively stable nitrogen-containing free radical and if the
sample can quench it effectively, it might indicate that the
sample has higher scavenging capability against Reactive
Nitrogen Species (RNS) (Zheng et al., 2015). Thus, hydroxyl
and DPPH radicals are usually widely selected to assess the
antioxidant potential of tested samples.

From Fig. 8A, it can be seen that the hydroxyl radical-
scavenging capacities of CBPs were enhanced with the
concentrations of 0-5 mg.mL?' in a concentration-
dependent manner (P<0.05 or P<0.01). When
concentration reached 5 mg.mL, the hydroxyl radical-
scavenging rate of CBPs was 93.47+3.68%, lower than
that of LAA at the same concentration (99.87+2.12%), but
a significant difference was not observed (P>0.05). As
shown in Fig. 8B, the DPPH radical-scavenging activities
of CBPs were also increased in a concentration-dependent
manner (P<0.01) within the concentrations ranging from
0 to 5 mg.mL%. When the concentration was 5 mg.mL™,
the DPPH radical-scavenging rate of CBPs reached
85.12+3.32%, significantly lower (P<0.01) than that of
LAA at the same concentration (99.97+2.28%). The half-
maximal inhibitory concentration (ICsp) of CBPs for
scavenging DPPH radical was 2.30+0.02 mg.mL?,
significantly higher (P<0.05) than that of hydroxyl radical
(1.7620.14 mg.mL™?), indicating that CBPs has stronger
scavenging capacities against hydroxyl radical than that of
DPPH radical. In short, CBPs extracted under the optimal
conditions of UAEE exhibit promising antioxidant potentials,
especially for quenching ROS with advantage.

Previously published research uncovered that the Corn
Silk Polysaccharides (CSPs) scavenged hydroxyl and DPPH
radicals with 1Cso values of 0.46+0.004 mg.mL? and
3.57+0.005 mg.mL?, respectively (Li et al., 2020). When
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compared with those of CBPs, it can be concluded that
the hydroxyl radical-scavenging capacity of CBPs is
stronger than that of CSPs, while the DPPH radical-

Table 2: The results of the RSM-BBD design

scavenging capacity of CBPs is inferior to CSPs,
further confirming the above consumption that CBPs

preferentially scavenge ROS.

Variables Response
Run X1 X2 X3 X4 Y
1 0.7 (0) 70 (1) 600 (-1) 30 (0) 0.48
2 0.8 (1) 60 (0) 700 (0) 40 (1) 0.67
3 0.7 (0) 60 (0) 700 (0) 30 (0) 1.15
4 0.7 (0) 50 (-1) 700 (0) 40 (1) 0.88
5 0.8 (1) 50 (-1) 700 (0) 30 (0) 0.80
6 0.7(0) 60 (0) 700 (0) 30 (0) 1.05
7 0.6 (-1) 60 (0) 700 (0) 20 (-1) 0.60
8 0.7 (0) 60 (0) 700 (0) 30 (0) 1.08
9 0.7 (0) 60 (0) 700 (0) 30 (0) 1.10
10 0.6 (-1) 70 (1) 700 (0) 30 (0) 0.77
11 0.6 (-1) 60 (0) 600 (-1) 30 (0) 0.51
12 0.7 (0) 60 (0) 600 (-1) 40 (1) 0.55
13 0.7 (0) 70 (1) 700 (0) 20 (-1) 0.73
14 0.7 (0) 60 (0) 700 (0) 30 (0) 1.10
15 0.7 (0) 50 (-1) 600 (-1) 30 (0) 0.65
16 0.8 (1) 70 (1) 700 (0) 30 (0) 0.75
17 0.8 (1) 60 (0) 700 (0) 20 (-1) 0.93
18 0.6 (-1) 60 (0) 800 (1) 30 (0) 0.75
19 0.7 (0) 60 (0) 800 (1) 40 (1) 0.76
20 0.6 (-1) 60 (0) 700 (0) 40 (1) 0.79
21 0.7 (0) 50 (-1) 800 (1) 30 (0) 0.82
22 0.6 (-1) 50 (-1) 700 (0) 30 (0) 0.88
23 0.8 (1) 60 (0) 800 (1) 30 (0) 0.82
24 0.7 (0) 60 (0) 600 (-1) 20 (-1) 0.42
25 0.7 (0) 50 (-1) 700 (0) 20 (-1) 0.84
26 0.7 (0) 70 (1) 800 (1) 30 (0) 0.97
27 0.8 (1) 60 (0) 600 (-1) 30 (0) 0.44
28 0.7 (0) 60 (0) 800 (1) 20 (-1) 0.82
29 0.7 (0) 70 (1) 700 (0) 40 (1) 0.72
Table 3: The ANOVA for response surface quadratic model
Source Sum of squares dfa Mean square F-value P-value Significance °
Model 1.0900 14 0.078 34.190 <0.0001 -
X1 1.008 x 107 1 1.008 x 107 0.440 0.5165 n.s.
X2 0.0170 1 0.017 7.410 0.0165 "
X3 0.3000 1 0.300 130.760 <0.0001 -
Xa 7.50 x 10 1 7.50 x 105 0.033 0.8586 n.s.
X1X2 9.0 x 10 1 9.0 x 10 0.400 0.5396 n.s.
X1X3 4.9 x 103 1 49x103 2.150 0.1644 n.s.
X1Xa 0.0510 1 0.051 22.240 0.0003 -
X2X3 0.0260 1 0.026 11.250 0.0047 -
XoXa 6.25 x 104 1 6.25 x 10 0.270 0.6085 n.s.
X3Xa 9.03 x 103 1 9.03 x 103 3.960 0.0664 n.s.
X1? 0.2200 1 0.220 94.560 <0.0001 -
X2? 0.0780 1 0.078 34.270 <0.0001 -
Xg? 0.4800 1 0.480 211.070 <0.0001 -
Xq? 0.2200 1 0.220 94.560 <0.0001 -
Residual 0.0320 14 2.28 x 10°°
Lack of fit ~ 0.0270 10 2.66 x 103 2.000 0.2639 n.s.
Pure error 5.32 x 1073 4 1.33 x 10
Cor total 1.1200 28
R? 0.9716 Adjusted R? 0.9432

2Degree of freedom

b*P<0.05; "*P<0.01; n.s. refers to “not significant”
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Fig. 2: The effects of cellulase amount (A), incubation time (B), ultrasound power (C), and ultrasound time (D) on CBPs yield. The
data were presented as the means + SD (n = 3)
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The Inhibitory Effects on a-Glucosidase Activity

The a-glucosidase inhibitors are supposed as key factors
for remedying type 2 diabetes, which can reduce the level of
postprandial blood glucose effectively (Chen et al., 2019).
Currently, the inhibitory effects on glucosidase activity
have been widely used to evaluate the in vitro
hypoglycemic potential of natural polysaccharides.

As shown in Fig. 9, the inhibitory effects of CBPs on -
glucosidase increased in a concentration-dependent manner
(P<0.01) within the concentrations of 0-50 mg.mL%. When
the concentration reached 50 mg.mL%, the inhibition rate was
92.33+2.28%, still lower than that of acarbose (a marketed
o-glucosidase inhibitor), which had reached 97.30+2.24% at
aconcentration of 1 mg.mL%. The 1Cso0f CBPs for inhibiting
a-glucosidase was 20.66+0.98 mg.mL?, higher than that of
CSPs (1.62+0.03-7.75+0.05 mg.mL™) (Jia et al., 2021). It is
suggested that the inhibitory effect of CBPs on a-glucosidase
is weaker than that of CSPs and the hypoglycemic potential
of CBPs could be medium, not very high.

Conclusion

Corn bract is the main agricultural waste of corn
production and processing, accounting for approximately
40% per unit area of corn cultivation. In our previous
work, we explored the flavonoids from waste corn bract
(Zhang et al., 2019). In the present study, we explored the
Ultrasound-Assisted Enzymatic Extraction (UAEE) of
Corn Bract Polysaccharides (CBPs) for the first time.
Under the optimized UAEE, the CBPs yield reached
1.17+0.06% which was significantly higher (P<0.01)
than those of Hot-Water Extraction (HWE), Enzyme-
Assisted Extraction (EAE), and Ultrasound-Assisted
Extraction (UAE), and the contribution of ultrasound
irradiation to CBPs yield is similar to that of cellulase
treatment. The CBPs extracted with UAEE are
heteropolysaccharides consisting of ribose, rhamnose,
glucuronic acid, galacturonic acid, glucose, galactose,
xylose, arabinose, and fructose with glucose the largest
proportion and having the relatively larger molecular
weight and particle size. The SEM and FT-IR analyses
further confirmed that the structures of CBPs accord
with the characteristics of polysaccharides and could be
a kind of naturally occurring sulfated polysaccharides,
which is pending to be further verification. Moreover,
CBPs preferentially quench Reactive Oxygen Species
(ROS) and the hydroxyl radical-scavenging capacity of
CBPs is stronger than that of Corn Silk Polysaccharides
(CSPs), but the a-glucosidase inhibiting effect is
inferior to CSPs. Yet despite all this, CSPs extracted
with the optimized UAEE still have certain potentials
to treat type 2 diabetes via inhibiting a-glucosidase,
which deserves further investigations. In the next study,
the fine structural characteristics of CSPs, including the
type and sequence of monosaccharides, the repeating
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units, and the degree of branching, should be considered
to better elucidate the underlying structure-activity
relationships.
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